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pigure 6.12 An indirect frequency synthesizer. {Apr: [6].) 

|e tuning circuiuy is easier to constmct and simpler. Also. YlOtuned oscillators 

gain to provide sufficient power out for a m«er it may be dnving. An alternau 
|s to use an isolator (discussed in Chapter 11). 



p.3 FREQUENCY MULTIPLIERS 

Ihe nonUnearity inherent in any semiconduc^r diode or 

Ito multiply frequency. The most popular diode frequency ^^^f " "^1,";^^ 
fcractor^diodes or sLp-recovery diodes. Frequency -"^^P^;?- "^^^f f ^^pS 
Idiscussed in this section. Some of the informauon presented ^ 

fefrom [5,7]. 
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6.3.1 Varactor Diode Frequency Multipliers 

Figure 6.13 shows a varactor-diode frequency tripler. Input and output impedance^^^^ 
matching circuits are used with this circuit. The input and output ports are coupled : -1 
to the diode through series-tuned circuits, causing die input current and the outputi'^' 
current and voltage to be essendally sinusoidal. iM. 

The varactor diode is a nonlinear voltage-variable capacitor. One or more sck ! 3 
called idler circuits are used with die circuit. These series-tuned circuits are placed 
in parallel with die diode and are resonant at harmonic frequencies other dian v 
the desired output frequency. Idler circuits are in practice empirically selected and -^f 
adjusted to improve efficiency. They are resonant at other harmonics, presenting P 
an impedance to reflect unwanted harmonic energy back to the input . p 

Hyperabrupt snap-off varactor diodes multiply by high factors with betierl4; 
efficiency dian ordinary varactor diodes, so tiiey are used wherever possible. GaAs 
varactors often are used at the higher frequencies. A varactor multiplier of xhhM. 
type can have an efficiency for a 60-GHz doubler of greater than 50%. 

The maximum output power for die varactor diode multipliers ranges from/^ 
more dian lOW at 2 GHz to about 25 mW at 100 GHz. Tripler efficiencies range 
from 70% at 2 GHz to about 40% at 36 GHz. One of the current applications for j | 
multiplier chains is to provide a low-power signal to phase-lock a Gunn or IMPATr0 
oscillator. "r: 



6.3.2 Step-Recoveiy Diode Frequency Multiipliers 

A step-recovery diode is a silicon or GaAs p-n junction diode witii construction J 
similar to diat of a varactor diode. It stores charge when conducting in the forward 
direction. When reverse bias is applied, die diode very briefly discharges die stored 
energy in die form of a sharp pulse diat is rich in harmonics. The duration of die " ! 
pulse typically is only 100 to 1,000 picoseconds (ps) (1 ps = 10"^^ sec), depending' fc 
on diode design. u- . 
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Figure 6.14 sh^ » typical muluplie. 
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f 6,3.3 Transistor ^^^pliers 
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Figure 6.13 Varactor diode tripler circuit {After: [5].) 
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Figure 17.2 PIN diode: (a) schematic diagram and (b) planar PIN diode. 



(b) 



The PIN diode is used for microwave power switching, attenuating, limiting, 
and modulation. At microwave frequencies, the PIN diode acts as a variable resis- 
tance. The simplified equivalent circuits and the resistance variation with reverse 
and forward bias are shown in Figure 17.3(a,b). With reverse (negative) bias, the 
resistance to microwave energy typically is about 5,000-10,000(1. When the diode 
is forward biased, the positive-bias resistance to microwave energy is typically l-lOfli 
If the PIN diode is placed across a waveguide, a 50fl coaxial line or other transmis: 
sion medium, it does not significandy load the line when negatively biased. When 
positively biased, however, it presents a near short circuit across the line and thus 
produces reflections on the line. 

Figure 17.3(c) is a schematic diagram of a series-mounted PIN diode switch 
for a coaxial or microstrip line. The dc bias is fed into the diode using an RF choke," 
and the signal is injected using a coupling capacitor. The output is across an RF 
choke to ground. ^ 

Figure 17.3(d) is a schematic diagram for a shunt-mounted PIN diode switch 
for a coax line. Again, the dc bias is fed in to the diode using an RF choke, and 
the signal is fed in using a coupling capacitor. In this case, no output chok^ is 
used, and the PIN diode is connected directiy to ground. The output is fed out 
using a coupling capacitor. .3 

PIN diodes can be used in parallel or series, as desired. Individual diodes can 
handle up to about 200 kW peak or 200W average. Several diodes in parallel can" 
handle as much a 1 MWpeak. Switching times are in the range of 1-40 ns, depending 
on the power levels used. .... ; „ , 



17.6 VARACTOR DIODES - c , v , ; 

Almost every semiconductor diode has a junction capacitance that varies with the. 
applied reverse bias. If the diode is manufactured to have suitable microwavp^ 
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Reure 17.3 PIN diode simplified equivalent circuits and example switches: (a) forward bias condition; 
(b) reverse bias condition; (c) series-mounted switch; and (d) shunt-mounted switch. 

'characteristics, it is called a varactor diode. Varactor diodes are made of Si or GaAs 
GaAs has the advantage of higher maximum operating frequency. Figure 17.4 
shows the characteristics of varactor diodes, including the current versus vol^ge 
characteristics and the junction capacitance versus voltage charactensucs. The bias 
voltage region of interest for a varactor diode is between just above the avalanche 
breakdovvn point and zero volts. For typical Si varactors, the minimum capacitance 

i about 1 pF and the maxirnum capacitance is about 25 pF. 

Varactors find application as voltage-variable capacitors for frequency modula- 
'tion and oscillator tuning. They also are used in firequency multipliers. Because 
^snapK)ff varactor diodes multiply by high factors with better efRciency tiian ordinary 
' Wctor diodes, they are used where possible. GaAs varactors often, are used at the 
^higher frequencies. A varactor multiplier of this type can have an efficiency for a 
iSO-GHz doubler of greater than 50%. 

The maximum output power for the varactor diode multipliers" ranges firom 
- more than lOW at 2 GHz to about 25 mW at 100 GHz. Tripler efficiencies range 
"from 70% at 2 GHz to about 40% at 36 GHz; however, that is with proper design, 

including idlers to reflect fundamental and setond harmonic power back to the 

input. Otherwise, 33% efficiency is more typical. 
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Rgure 17.4 Varactor diode characteristics: (a) current versus voltage and (b) capacitance versus voltagc^'^g- 



{After: m:) 



One of the current applications for multiplier chains is to provide a low-v?#g 
power signal to phase-lock a Gunn or IMPATT diode oscillator. (These devices are | 
discussed later.) :M 



17.7 STEP-RECOVERY DIODES 
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§- Figure 17.5 Tunnel diode voltage-current charact 



A step-recovery diode is a Si or GaAs p-n junction diode with construction similar l&f j 
to that of a varactor diode. It stores charge when conducting in the forward direction.K,gg|r^ 
When reverse bias is applied, the diode briefly discharges the stored energy in the -^^j ^ 
form of a sharp pulse, an impulse, that is rich in harmonics. The duration of the^jg^- 



The tunnel diode also can be usee 
It a circulator. A circuit of this type is showi 
(TDA) is a low-noise system. Reasons 
M resistance device, and the operating ci 
be fairly broadband systems. They are 
% microwave frequencies with upper limi 



pulse typically is only 100 to 1,000 ps, depending on diode design. 

Step-recovery diodes are not available for frequencies above about 20 GHz,^^^^ 
whereas varactors can be used well above 1 00 GHz. StepKrecovery diodes are available^ 
for powers in excess of 50W at 300 MHz, lOW at 2 GHz, and IW at 10 GHg 
Multiplication ratios up to 12 commonly are available. Efficiency can be in excess 
of 50% for triplers at frequencies up to 1 GHz. The efficiency drops to about 15^ 
for a times-5 multiplier with an output frequency of 12 GHz. 

17.8 MICROWAVE TUNNEL DIODES AND CIRCUITS 

Figure 17.5 shows the voltage<urrent characteristics for a Ge junction tunnel diode^^ 
This diode differs from the ordinary junction diode in that the semiconducto|| 
material is heavily doped, perhaps- 1,000 times that of an ordinary rectifier 4ip4|K 
That permits a depletion layer so thin that tunneling can occur easily.- , , 7/ 

In the voltage region from A to B, there is a region of negative resistian^c|^ 
That means that this device can be used as an oscillator. The tunnel diode oscillatpr| 
found use early after its development, but it no longer is used extensively bec^M^ 
other negative-resistance semiconductor devices now provide higher, output f 



M 17.9 MICROWAVE GUNN DIODES J 
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